into the carrier effects of particulates (which may function as vehicles for carcinogens), catalytic processes on their surface, and the effects of particulates on respiratory clearance (possible overloading of defense against airborne carcin ogens) supported the hypothesis that heavy and long-term dust exposure could be a risk factor for lung cancer.
Retrospective studies on silicotics, however, did not provide convincing evidence for this relationship. [1] [2] [3] [4] [5] But it has been criticized that results from retrospective approaches to the prob lem are distorted by selection and competing risks. The aim of this prospective study set up in the 1950s was to investigate the fate of healthy Vien nese dust-exposed workers.
PARTICIPANTS AND METHODS
In 1950-1960, preventive medical checkups were performed in Vienna on 247,064 workers in 1,089 enterprises, including a work and smoking history.6) Workers with a history of long lasting (>5 yr) occupational dust exposure were automatically referred to the outpatient pulmonary department of the local health care for chest X-ray.
1,630 of these dust workers were men born before 1911, resident in Vienna.7) They had worked in found ries (n=775) and other metal industries (n=475), the pottery, ceramics, and glass industry (n=191), the stone industry (n=87) and a number of other dusty trades including exposure to silica as well as to so-called "inert" dusts.3) 1,630 male work ers without occupational dust exposure were selected from the same source of examination files by matching residency, start of observation, age and smoking.
By regular inquiries to the registration and public health offices, dust-exposed and unexposed men have been followed. Of these, 99.7% could be traced up to 1,980 or death. Primary and secondary causes of death were recorded from official death certificates, supplemented if neces sary with the help of the reporting pathologist or physician and encoded according to the Interna tional Classification of Diseases (9th version) with out knowledge of the exposure. The primary cause of death could be identified in 99.5% of deceased persons.
Earlier analyses of our data3,5,7-10) focused on cancer mortality of the uncensored cohort and had been complicated by a cross-sectional onset. Therefore this analysis sep arates persons who either entered the cohort after the age of 60, or had died before this age, before comparing mortality of dust-exposed and unex posed subjects. Remaining persons represent a population with a well-defined starting point for a life table analysis (comparable also the standard mortality of Viennese men after having reached age 60). Thus we compared 1,221 exposed with 1,246 unexposed, aged 40-60 years at the start of observation, with respect to their survival of age 60 which is called "surtime 60." The reason for choosing the age of 60 as a starting point was that major differences in lung cancer incidence cannot be expected before this age .11,12)
In addition to cancer deaths10) also deaths from nonmalignant diseases have been studied , in par ticular respiratory and cardiovascular diseases . In life 
RESULTS
A) Survival of Viennese dust-exposed workers and comparison subjects: Table 1 shows a higher mortality and a shorter survival for dust-exposed compared to unexposed.
The median of the sur time 60 was 1.5 yr less than in the unexposed. Deaths from malignant neoplasms (ICD 140-209) were more frequent among exposed, and the medi an of their surtime 60 was 2.5 yr less than of the unexposed.
(This means that 50% of 60-year-old men will get cancers by the age of 85.1 if they are exposed and by the age of 87.6 if they are unex posed, conditional on not dying of other causes). There was no significant difference in cancer of digestive system (ICD 140-159), but only in stom ach cancer (ICD 151). The difference in lung cancer (ICD 162) was highly significant.
There was no significant difference in deaths from nonrespiratory disease (Mantel-Cox: p=0.16, Breslow: p=0.46). 250 exposed and 153 unex posed subjects died from diseases of the respiratory system, and at the 75th quantile, surtime 60 of the exposed was 6.1 yr less than of the unexposed. The difference was due to lung cancer ( Fig. 1) , silicosis, and other chronic respiratory diseases (ICD 490-493 a. o.). Silicosis occurred in dust-exposed subjects only. The mortality from emphysema, chronic bronchitis and bronchial asthma (ICD 491-493) was higher in the exposed, and the Mantel-Cox test, which gives more weight to later events, showed a signif- Table 1 . Mortality after age 60, survival of age 60 (surtime 60) and relative rates (RR) of dust exposed (exp.) compared to unexposed. Non estimable figures have been indicated by-. icant reduction of surtime 60. Deaths from acute (infectious) diseases of the respiratory organs (ICD 480-486 a. o.) showed no significant difference. The last column of Table 1 gives overall relative rates of dust-exposed (observed/expected rates, calculated from annual hazards). Table 1 and Fig. 1 show that there was no significant difference in survival from cardiovas cular diseases genesis. Our dust-exposed cohort can be regarded as a representative sample of elderly Viennese dust workers in the 1950s, but is not representative for dust workers in general. Therefore it would be inappropriate to generalize our findings to all types of dust work. There is a need for inter national collaboration to determine the influence of different types of dust work on different popula tions before any generalisations can be made. From just our study we cannot answer the question if (heavy and long-term) exposure to respirable particulates is the main and common occupational cause for the increased lung cancer incidence in dusty trades, but we think it evidence support for this hypothesis.
Most of our dust-exposed subjects worked in the metal industry, almost half of them in found ries. The high lung cancer risk of molders in iron foundries20) has been related to polycyclic aroma tic hydrocarbons (PAH) exposure, but no signifi cant association was found.21) In a steel foundry, pyrolysis products were suspected of being re sponsible for the high lung cancer mortality of crane operators, but e. g. benzo(a)pyrene (BaP) was found to be higher in the areas of molding and furnaces where lung cancer mortality was lower.22) No explanation was given for the in creased lung cancer rate in the finishing area which was located most distant of the source of PAH and had the lowest BaP levels. It should be noted that grinders, blasters, etc. in the finishing area often belong to the men with the highest dust-exposures.
In other steel foundries furnace men, fettlers and maintenance mates were iden tified as persons with increased risk for lung cancer,23) and the authors pointed to the fact that PAH levels in the fettling shop area are much lower and, conversely, dust levels are higher than in the foundry.
We propose to look at the seemingly conflicting results with a multistage model of carcinogenesis.
Genotoxic PAH from foundry air, as well as from tobacco smoke (ad sorbed onto particles), could function as initi ators, and particles as promotors or epigenetic noxae. If this were the case it would not be surprising if lung cancer increased with dust load and not necessarily with PAH, even though both might be involved. Certain dusts such as silica5) or ferric oxide24) may be more important for their synergic effects with PAH than others.
In found ries nickel, chromium, arsenic, aromatic amines and some suspected human carcinogens such as cadmium have also been found,25) but no causal agent could be identified by exposure monitor ing22) and, except for PAH, no significant amounts of human carcinogens have been discovered. 26) Only very few of our foundry men worked with nonferrous metals, and the files gave no indication of the use of arsenic or other known carcinogenic substances such as used in some foundries in other countries. Asbestos was only used for heat protective clothing (occasionally). In the plants investigated, there have been no sources of radia tion (subject to registration) at the time of the study. The relative lung cancer risk of foundry men was calculated to be identical with the lung cancer risk of all other dust workers in our co hort.10) Therefore we have no reason to assume that dust-exposure in foundries increases lung cancer risk more than in the other enterprises investigated. Certainly there are confounding ex posures also in the glass industry, pottery, etc. The work histories of our dust workers gave no indication of exposure to important human car cinogens, but synergic effects of particulates with PAH, heavy metals, and their oxides, irritants such as SO2, NO2, aldehydes, etc. could be pos sible. In some stone cutters who died from lung cancer (including one tunnel worker) natural radiation might also have been a cofactor.
Neither for dust-workers nor for unexposed can we exclude confounding exposures after registra tion, since the aim of the follow-up was cause of death only. This possible confounding, however, seems to be negligible, because of generally less intense exposures at higher age, the low mobility of Viennese dust workers after the age of 40, and the results of an enquiry we made in 1982/83 to the pension insurance for a complete list of all professions and enterprises up to retirement or death. From this enquiry, no second jobs with possible confounding exposure (asbestos, chro mates, etc.) could be detected in lung cancer cases.
Today we know more about carcinogenic sub stances than we did in the 1950s. Taking this knowledge into account, recognizing the limita tions of our sources of informations, however, we found no confounder of significance from the available information on exposures. Combined effects of occupational dust-exposure with occu pational carcinogens (such as PAH), tobacco smoke and perhaps urban air pollution could be decisive and should be studied further.
In agreement with studies on coal miners, iron miners, foundry men, granite workers and some other occupational groups23,27,28) we found an excess of stomach cancer in our dust-exposed cohort. We cannot relate this finding to ex posure, since risk factors for stomach cancer have not been controlled. Our study was set up to investigate lung cancer risk, and differences in other diseases can only be interpreted very care fully. Elevated rates of stomach cancer in certain dusty trades have been related to carcinogens cleared from the lung and swallowed.28) From a more recent cohort study on asbestos workers (unpublished results) we have some indications that differences in dietary habits and perhaps shift work could play a more important role for gastrointestinal cancer than occupational expo sure.
Chronic obstructive respiratory disease on the other hand can be related to dust-exposure in our cohort, because similar risk factors are involved as in bronchial cancer.29) The etiology of chronic bronchitis, emphysema, and bronchial asthma in dust workers is certainly very complex.
In our mortality study we analyzed only severe and fatal forms of disease. Our results seem to confirm the hypothesis that dust-exposure is a risk factor not only for pneumoconiosis but also for un specific chronic respiratory diseases.
The diagnosis of respiratory diseases such as chronic bronchitis, however, could be influenced by the work history; and the higher incidence of chronic respiratory diseases which we observed in dust-exposed as primary (and also as secondary) cause of death could be biased if these diseases are more likely to show up on the death certif icates of dust-exposed.
Since death certificates in Vienna are issued mainly by pathologists we would not expect a substantial amount of infor mation bias.
The diagnosis of lung cancer can hardly be influenced by the exposure history , and we regard a bias from detection or misclassification of lung cancer as negligible in the present study.
When discussing respiratory risk , we have to bear in mind that part of our dust workers have been exposed since the 1920s and earlier , and that they still worked in the 1950s and 1960s at dust levels which exceeded present standards many controls (median 14.9 yr) was about the same as in the Viennese population, whereas survival of exposed was significantly lower.10) An underestimation of lung cancer risk can be the result of a reduced survival from all causes of death, but also the result of a mortality pattern differing from that of the population which is used for comparison: in our dust-exposed cohort, deaths from silicosis, stomach cancer, and chronic respiratory disease have to be considered as com peting causes of death, which lowered the relative risk of dying from lung cancer (in all higher age groups). Selection in and out of a dusty profes sion up to the age of 40-60 is a second reason why we think that the estimation of lung cancer risk from our study is conservative.
Selection31) and competing risks3) have led not only to underestimation but to complete masking of lung cancer risk in other studies, especially in retrospective studies on silicotics. As early as in the 1950s, it was suspected that silicotics rarely lived long enough for their bronchial carcinoma to manifest itself since they died before that time from silicosis or tuberculosis.1,32,33) Contradictory reports2) argued that the mean age at death from silicosis is not lower than that at death from lung cancer, disregarding that every death from pneumoconiosis in a cohort lowers the relative risk of dying from lung cancer. In silicotuberculotics, it could be shown why earlier retrospective studies failed to provide evidence for a relation between pneumoconiosis (dusty work) and lung cancer. If such a patient lived long enough to fall ill with cancer, however, this most probably would be lung cancer.3) And even in cases who die from silicotuberculosis, the pathol ogist can sometimes find a small bronchial car cinoma, which was not the cause of death, but would have been the cause one or few years later if the patient had not died before from his pneumoconiosis.
The increased lung cancer rate of haematite miners in Cumberland and Lorraine has been related to haematite dust, silica, radiation, and combined effects.24) It should be noted, however, that mortality from silicosis was very low in these cohort, so that a protective effect of ferric oxide against the fibrogenic effect of silica has been assumed.2) We suspect therefore that the in creased lung cancer risk of these miners from dust exposure was detected mainly because of their low mortality from silicosis, and that silicosis has masked the lung cancer risk in other miners.
Austrian cases of silicosis originated mainly from mining and tunneling, stone industry, metal industry and ceramics.34) From MOR given in Table 2 , it could be suspected that lung cancer risk in Austrian silicotics increased with time, consistent with our hypothesis that improvements in quartz-prophylaxis and silicosis-therapy led to increased survival of silicotics; this, in turn, was the prerequisite for the detection of their increased lung cancer risk. But interactions be tween silicosis, lung cancer, and age or calendar period respectively, were not significant (the inter action between silicosis, lung cancer and age only approached significance). Since the significant relationship between silicosis and lung cancer which we found did not seriously depend on age or calendar period, we were able to estimate an overall lung cancer risk for Austrian silicotics related to the general population by mortality odds ratio: this was found to be significantly elevated.
MOR can only be used as a proxy for SMR, and drawbacks of this study design have been discussed. Therefore we will have to include persons living at risk from silicosis (and also not compensated cases) in further investigations. These investigations will also have to clarify the increase in relative lung cancer risk observed in Austrian silicotics and the indication for a de pendence of the lung cancer-silicosis-interaction on age, which did not reach significance in this study. In general, however, results on silicotics are easily distorted by selection and competing risks. Because of the less valid retrospective surveys, future studies on this problem should rather rely on the more comprehensive cohort approaches discussed in the first part of this paper. 
